Values of the following thermodynamic properties are presented in tabular and graphical form for the 18 octanes in the ideal gaseous state, for the range 298° to 1,OOOoK: (a) the standard free energy of isomerization divided by the absolute temperature, t;.Fo/ T; and (b) the relative amounts of the several isomers present in equilibrium with each other.
I. INTRODUCTION
Values of the standard free energies of isomerization, and t.he corresponding equilibrium concentrations, fire reported in this paper for the 18 octanes, all in the gaseous state, for the range 298 0 to 1,000 0 K. These values, similar to those previously presented for the butanes, pentanes, hexanes, and heptanes [1] , 3 have been calculated from the following data:
Heats of isomerization, AHo 0, for the normal paraffin to the branchedchain isomer given in another paper from this laboratory [2] .
Entropies of all the octanes, calculated by statistical methods previously described [3, 4] , which have already been published [51. Differences in the free energy function between the normal paraffin and a given isomer, which have been claculated by the same methods and for which the values a, re given in table 1 for the temperatures 298 0 , 400 0 , 500 0 ,600 0 ,800 0 , and 1,0000K. 1 This investigation was performed at the National Bureau of Standards jointly by the Thermochemical Laboratory and the American Petroleum Institute Research Project 44 on the "Collection and analysis of data on the properties of hydrocarbons."
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• Figures In brackets Indicate the literature references at the end of this paper. For the isomerization of the normal paraffin to the isoparaffin (normal and iso being indicated by the italic letters nand i, respectively),
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(1) t:..FO is the standard free-energy change at a given temperature, with each component in its ideal standard state of unit fugacity, and (2) where H is the heat content, or enthalpy, and T is the absolute temperature. 
where K is the equilibrium constant, as defined by Lewis and Randall [6] , and R is the gas constant. Then (5) For the isomerization reaction as given by eq 1, and, for low pressures, 257 (6) ( 7) where j represents fugacity (see reference [6] ) and p the partial pressure.
II. RESULTS IN TABULAR AND GRAPHICAL FORM
The thermodynamic quantities calculated in this way from the data referred to are given in table 2. The first two columns give the temperature in centigrade and Kelvin degrees, respectively, with the former rounded off in reference to the latter, the difference being not at all significant here. The succeeding columns give for each isomer values of the following thermodynamic properties: !:J.FO IT, which is the standard free energy change divided by the absolute temperature for the reaction of isomerization in the gas phase, as expressed by eq 1; K, which is the equilibrium constant, defined by eq 4 and 6, for the reaction expressed by eq 1; and N, which is the mole fraction of the ~iven isomer present at equilibrium "With all of its ot.her isomers. Strictly, the value of N so calculated is applicable only in the range from zero pressure up to that pressure at which the ratio of fugacity to pressure is still not significantly different for the several isomers. Within this range of pressure, the value of K in table 2 gives the ratio of the amount of the given isomer to the amount of the normal isomer in equilibrium with it in the gas phase. For any two other isomers, the ratio of the corresponding values of K in table 2 gives the ratio of the amounts of those two isomers present at equilibrium in the gas phase with one anot.her.
The limits of uncertainty of the values of !:J.FoIT given in table 2 are estimated to be ahout ± 1.5 calldeg mole. 4 This same uncertainty applies to the value of !:J.Fo IT for the isomerization of anyone of the isomers into any other one. From these values, one may easily derive the corresponding uncertainities in the values of the equilibrium constants and the equilibrium concentrations. For example, the ratio
• Except that the values for 2, 3·dimethylhexane may he uncertain'by several times this amount [2J. The scale of ordinates gives the value of t;,Fo/T, in calories per degree mole, for the isomerization n-C,JI" (gas)=i-C,HII (gas).
--------------------------------------------------
The scale of abscissas gives the temperature in degrees Kelvin. For octanes having optical isomers, the values are for the racemic mixtures. The values of t.po/T given in table 2 for the 18 octanes are plotted in figure 1 as a function of the temperature. From thIS chart, one may see at a glance, for any temperature in the given range and within the limits of uncertainty of the present calculations, which of the isomers is thermodynamically the most stable (lowest value of t.Fo/T), which is the least stable (highest value of t.po/T) , and the order of stability of the other isomers. From the preceding discussion regarding uncertainties, it follows that those isomers having at some given temperature values of t.Fo/T that differ by less than the uncertainty are those for which the exact order of stability cannot be stated, since the values overlap. In such cases, the amounts present at equilibrium will be equal, within the given limits. The scale of ordinates measures the amount, in mole fraction, and the scale of abscissas gives the temperature in degrees Kelvin and degrees centigrade. The vertical width of a band at a given temperature meas· ures the mole fraction of the given isomer present when at equilibrium with all of its other isomers, in the gas phase.
In figure 2 are plotted, as a flmetion of the temperature, the amounts, in mole fraction, of each of the isomers present at equilibrium with all its other isomers in the gas phase, as given in t.able 2. The vertical width of each band gives the mole fraction for that isomer at the selected temperature. The mole fractions of the several isomers are plotted additively, so that their sum is unity at all temperatures.
III. DISCUSSION
The values presented in this report for the octanes follow substantially the general conclusions previously drawn for the butanes, pentanes, hexanes, and heptanes, with regard to thermodynamic stability in the gaseous state:
(a) At 25° C, the normal isomer is among the isomers of lesser stability. Relative to the other isomers, the normal isomer increases in stability with increase in temperature, and at 1,000° K is among the most stable of the isomers.
(b) At 25° C, 2,2-dimethylhexane is among the most stable of the isomers, but it rapidly becomes less stable with increasing temperature and at 1,000° K is among the least stable of the isomers.
(c) The more highly branched isomers are among the least stable at the higher temperatures.
